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Abstract
Aims: Epidemiological evidence indicates a protective effect of light to moderate alcohol con-
sumption compared to non-drinking and heavy drinking. Although several mechanisms have
been suggested, the effect of alcohol on atherosclerotic changes in vessel walls is unclear.
Therefore, we explored the relationship between alcohol consumption and common carotid
intima media thickness, a marker of early atherosclerosis in the general population.
Methods: Individual participant data from eight cohorts, involving 37,494 individuals from the
USE-IMT collaboration were used. Multilevel age and sex adjusted linear regression models were
applied to estimate mean differences in common carotid intima-media thickness (CIMT) with alco-
hol consumption.
Results: The mean age was 57.9 years (SD 8.6) and the mean CIMT was 0.75mm (SD 0.177).
About, 40.5% reported no alcohol consumed, and among those who drank, mean consumption
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was 13.3 g per day (SD 16.4). Those consuming no alcohol or a very small amount (<5 g per day)
had signiﬁcantly lower common CIMT values than those consuming >10 g per day, after adjusting
for a range of confounding factors.
Conclusion: In this large CIMT consortium, we did not ﬁnd evidence to support a protective effect
of alcohol on CIMT.
INTRODUCTION
Alcohol consumption is one of the biggest public health challenges
facing modern society. It is associated with a large range of health
conditions and ranks as the ﬁfth leading risk factor for disease and
injury worldwide (Lim et al., 2013). The relationship between alco-
hol and cardiovascular disease (CVD) is complex. Epidemiological
evidence indicates a protective effect of light to moderate alcohol
consumption compared to non-drinking and an increased risk of
cardiovascular events amongst heavier drinkers (Corrao et al., 2004;
Silverwood et al., 2014). However, it has been argued that the pro-
tective effect observed in observational studies may in part be due to
misclassiﬁcation errors, reporting biases and residual confounding
(Stockwell et al., 2012). It is, therefore, crucial to explore the bio-
logical mechanisms underlying the association between alcohol
intake and CVD to help determine causality.
These mechanisms are not fully elucidated and are likely to be
complex, involving both acute and chronic effects and beneﬁcial and
harmful outcomes (Mathews et al., 2015). Suggested chronic effects
of alcohol on the vascular system include favourable changes in lipid
proﬁle and other cardiovascular biomarkers (Brien et al., 2011), as
well as deleterious changes in arterial hypertension, peripheral artery
disease and atherosclerosis (Fernández-Solà, 2015; Mathews et al.,
2015). The effect of alcohol on atherosclerotic changes in vessel
walls is disputed (Kim et al., 2014). Some studies have found evi-
dence of a J-shaped (Schminke et al., 2005; Lee et al., 2009; Xie
et al., 2011; Bauer et al., 2013) or positive relationship (Zyriax
et al., 2010; Britton et al., 2016). Other studies report no association
(Mowbray et al., 1997; Djoussé et al., 2002; Zureik et al., 2004) or
an inverse linear trend (Lee et al., 2009). To address the relationship
of alcohol consumption and carotid atherosclerosis in multiple
populations, we used data from the USE-IMT consortium (Den
Ruijter et al., 2012) that collected individual level carotid intima-
media thickness (CIMT) and clinical data from multiple cohorts. We
assessed CIMT as an intermediate phenotype of early atherosclerosis
and a marker of subclinical organ damage that independently pre-
dicts vascular events (Lorenz et al., 2012).
MATERIALS AND METHODS
Study population
Baseline data were from the USE-IMT collaboration, an individual
participant data meta-analysis established to determine the incremen-
tal value of CIMT in predicting cardiovascular events (Den Ruijter
et al., 2012). Population-based prospective cohort studies conducted
with data on cardiovascular risk factors, common CIMT, and
follow-up for cardiovascular events were identiﬁed through system-
atic literature searches and expert recommendation. In the present
analysis, we included 37,494 individuals from eight studies in North
America and Europe of whom information on alcohol intake was
available (Atherosclerosis Risk in Communities, Edinburgh Artery
Study, Kuopio Ischemic Heart Disease Risk Factor Study, Malmo
Diet and Cancer Study, Multi-Ethnic Study of Atherosclerosis,
Northern Manhattan Study, Tromso Study, and Whitehall II Study).
Variables
Current alcohol consumption was measured in the individual
cohorts by self-report questionnaire. Information was harmonized
into grams per day and categorized at 0 g; from 0 to 4 g; from 5 to
9 g, from 10 to 19 g; from 20 to 29 g and from 30 g or over.
Smoking status was ascertained from self-report questionnaires
and deﬁned as current, never or former smoking. For each individual,
body mass index (BMI) was calculated from measured body weight (in
kilograms) divided by measured height (in metres) squared. High blood
pressure was deﬁned as systolic blood pressure (SBP) ≥140mmHg or
diastolic blood pressure (DBP) ≥90mmHg. Serum cholesterol was
measured as total cholesterol and high-density lipoprotein (HDL) cho-
lesterol levels. History of CVD and presence of diabetes mellitus were
deﬁned using the deﬁnitions of the individual cohorts, i.e. based on
questionnaire information, and /or use of blood glucose lowering medi-
cation or fasting glucose level (den Ruijter et al., 2013).
Statistical analysis
In order to standardize the common CIMT measurements, we
rescaled CIMT levels using the method described by Engelen et al.
(2013). We derived a linear regression model in the whole cohort
with common CIMT as a function of cardiovascular risk factors
(age, sex, blood pressure, diabetes, total cholesterol, HDL choles-
terol, smoking and antihypertensive drug use) and a dummy vari-
able for study. The reference study was the Atherosclerosis Risk in
Communities Study (ARIC). Subsequently, for every individual in a
cohort, we subtracted the measured CIMT with the regression coef-
ﬁcient of that cohort. In that sense, we adjusted for the variability
between individuals that can be attributed to being in a certain
cohort study, all relative to the ARIC results.
The relationship between alcohol consumption and common
CIMT was evaluated using linear regression models, adjusting for
age, sex, smoking, medical history and medication, blood pressure,
BMI and serum cholesterol. Separate analyses were also run by sex.
Mean differences in common CIMT by increase in alcohol intake
category were obtained with 95% conﬁdence intervals (CIs), using
the group with 10–19 g per day intake as reference group. This ref-
erence group was chosen in preference to the non-drinking group, as
the latter consists of a mix of former drinkers and current abstai-
ners. To study the relation between alcohol and more severe vascu-
lar abnormalities, we divided the population into those with a
common CIMT >0.90mm and those without.
RESULTS
The mean age of the combined cohorts was 57.9 years (SD 8.6) and
the mean CIMT was 0.75mm (SD 0.177). Of the combined cohorts,
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40.5% reported no alcohol consumed, and among those who drank,
mean consumption was 13.3 g per day (SD 16.4).
There was no evidence of a J-shape or U-shaped relationship
between alcohol consumption and CIMT (Fig. 1). In a fully adjusted
model, compared to the reference group, i.e. those with an intake
ranging from 10 to 19 g per day, those with no alcohol intake had
signiﬁcantly lower common CIMT values (mean difference
−0.029mm 95% CI −0.030; −0.024) and those with 1–4 g intake
per day had a 0.01mm lower common CIMT (Table 1). Those with
the higher intakes than the reference groups had similar common
CIMT values (Fig. 1). Similarly, a common CIMT above 0.90mm
was signiﬁcantly less common in the no drinkers and lightest drin-
kers compared to the reference group. The results were similar when
performed separately for men and women.
DISCUSSION
We found no evidence of a protective effect of alcohol consumption on
the arterial wall thickness assessed by an ultrasonic measure of com-
mon CIMT in a pooled study of 37,494 individuals from the general
populations in Europe and the US. The lowest CIMT levels were
reported for those who currently consumed no alcohol. Therefore, our
ﬁndings do not support a protective vascular effect of moderate alcohol
consumption that is mediated through an atherosclerotic pathway.
This is in agreement with other studies that found no marked rela-
tionship of alcohol and CIMT (Mowbray et al., 1997; Djoussé et al.,
2002; Zureik et al., 2004) or a positive relationship (Mowbray et al.,
1997; Djoussé et al., 2002; Zureik et al., 2004; Zyriax et al., 2010;
Britton et al., 2016). Others have found a U-shaped relationship
between alcohol and CIMT in cross-sectional analyses. For example,
in the Cardiovascular Health Study investigating subjects over 65
years, consumers of 1–6 drinks per week (equalling <15 g/d) had a
carotid IMT 0.07mm lower than abstainers, whereas consumers of
14 or more drinks (equalling >30 g/d) had an IMT 0.07mm higher
than abstainers (Mukamal et al., 2003). The disagreement in ﬁndings
requires further investigation. Possible explanations include different
adjustments for confounders, patterns of consumption, types of bev-
erages and different choices of reference groups.
The strength of this current study was our ability to harmonize
across eight studies to pool data on >37,000 participants. This gave
us sufﬁcient power to detect differences in CIMT by drinking group
and our results are generalizable across European and North
American populations. However, the study is cross-sectional and we
were not able to separate former drinkers from the current non-
drinkers. Furthermore, we were not able to look at pattern of drink-
ing or beverage type.
In conclusion, we do not ﬁnd evidence to support a protective
effect of alcohol on CIMT, a marker of subclinical CVD.
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